Validity of pain and motion indicators recorded on a movement diagram of shoulder lateral rotation  by MacDermid, Joy C et al.
MaeDer mid et al: Validity of pain and motion indicators recorded on a movement diagram of shoulder lateral rotation 
Validity of pain and motion indicators recorded on a 
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ThiS study examined criterion and construct validity of passive range of motion (PROM) and pain variables 
recorded on a Maitland-style movement diagram. Passive lateral rotation of the shoulder was assessed in 34 
patients with a variety of shoulder pathologies. Two experienced manipulative physiotherapists performed the 
testing in a randomisedblock design. The physiotherapists were blinded to all clinical information and ROM 
measures. The criterion comparators were a blinded goniometric measure of PROM and pain scores from 
the Shoulder Pain and Disability Index (SPADI). Correlation coefficients between PROM recorded on the 
movement diagram and goniometry were high (r = 0.79 to 0.94). Moderate correlations were observed 
between the patient's pain scores recorded on the SPADI and the physiotherapist's recording of pain onset 
(r= -0.43 to 0.69) and intensity (r= 0.58 to 0.72). Impairment measures from the movement diagram were 
moderately related to patient-rated shoulder disability (r = 0.50 for ROM and -0.56 for pain). Movement 
diagrams of passive shoulder rotation can provide valid information on motion and pain. [MacDermid JC, 
Chesworth 8M, Patterson S and Roth JH (1999): Validity of pain and motion indicators recorded ona 
movement diagram of shoulder lateral rotation. Australian Journal of Physiotherapy 45: 269-277] 
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Introduction 
For manipulative physiotherapists, assessment and 
treatment of joint pathology are closely linked, with 
treatment selection resulting directly from joint 
findings obtained during passive movement 
(Magarey 1986). Therefore, reliable and valid 
assessment and recording of these assessment 
findings are fundamental to the' discipline of 
manipulative physiotherapy. Despite the widespread 
use of manipulative physiotherapy to treat 
musculoskeletal disorders, scientific proof of its 
efficacy remains fragmented and inconclusive. A 
number of issues may have contributed to this 
problem, including the wide variety of approaches 
used by manipulative physiotherapists, the subjective 
nature of certain joint fmdings and difficulty in 
communication of joint findings. Furthermore, 
terminology used in manipulative physiotherapy 
tends to be defined conceptually, not as 
operationalised research definitions (Fitzgeraldet al 
1994, Rothstein 1998). 
The construction and interpretation of movement 
diagrams as a means to communicate findings 
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obtained by physiotherapists during manual 
examination of joints were developed by Maitland 
and have been described in detail (Maitland 1991). As 
emphasised by Maitland, this communication process 
is essential to physiotherapists ' ability to teach 
manual skills or to evaluate their own performance. 
Movement diagrams are commonly used in clinical 
teaching and clinical practice, but infrequently as 
outcome tools in assessing differences between 
groups of patients in research studies (Chesworth et al 
1991, Chesworth et alI994). 
While the concept of a movement diagram has been 
well delineated, the evaluation of movement diagram 
variables as operationalised research variables is 
lacking. Validation of the science of manipulative 
physiotherapy requires scientific support for the 
ability of physiotherapists to record "real" passive 
joint fmdings reliably on a movement diagram. 
Criterion-related validity is evaluated by determining 
the extent to which a score obtained by one method 
agrees with that obtained by another method. 
Concurrent (criterion-related) validity is where the 
two instruments are applied at the same point in time 
to measure the same trait or quantity (Currier 1984). 
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Ideally, methods are evaluated by their agreement 
with a gold standard. In many cases gold standards 
are not available and the best criterion comparator 
available has to suffice. Construct validity evaluates 
whether the constructs developed assuming that a 
principle or methodology is valid, hold true when 
tested. For example, if shoulder impairments such as 
pain and stiffuess can be measured and portrayed 
validly on a movement diagram, then the severity of 
these impairments should be reflected in the amount 
of disability reported by patients. 
The purpose of this study was to evaluate criterion 
and construct validity of movement diagram 
indicators of pain and PROM as assessed by 
manipulative physiotherapists during passive lateral 
rotation of the shoulder. 
Criterion validity was evaluated for two concepts 
portrayed on the movement diagram. Passive 
movement (limit of range) was compared with 
goniometric measures of passive ROM. To support 
the validity of movement diagrams, we expected a 
strong relationship between limit of range on a 
movement diagram and goniometry measures of 
PROM. Joint pain variables from the movement 
diagram were compared with pain variables from a 
patient questionnaire. Irritability, as defined by 
Maitland (1991), can be evaluated by considering 
susceptibility to pain, intensity of pain and time to 
recover from pain. Intensity of pain and susceptibility 
to pain are reflected in a movement diagram. A more 
irritable joint will have an earlier onset of pain and 
higher pain intensity. Joint irritability would also be 
reflected in higher pain scores on a pain scale 
completed by patients. We expected a moderate 
relationship would exist in the less direct comparison 
of pain indicators (onset to PI and intensity of P') 
taken from the movement diagram and a measure of 
pain recorded from a validated shoulder specific pain 
scale. 
It is thought that pain and loss of joint motion found 
on passive shoulder joint evaluati()n would contribute 
to functional disability. Construct validity was 
evaluated by determining the extent to which these 
impairments, recorded on a movement diagram, are 
asSOCiated with patient reported shoulder disability. 
Due to the multifactorial nature of disability, we 
anticipated thesttength of this relationship to be 
moderate. 
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Methods 
Testers Two physiotherapists who had specialised in 
manipulative physiotherapy by completing all 
required manipulative physiotherapy courses and the 
highest level of certification (Part B examinations) 
were recruited as testers. Both had bachelor's degrees 
in physiotherapy, were involved in clinical practice 
(average 16 years) and had used manipulative 
physidtherapy for an average of 14 years. They were 
blinded as to the type of pathologies they would 
encounter, the specific clinical histories of the 
patients and the scores recorded by the other 
physiotherapist. Neither was informed of the 
specifics of the study purpose; they were told to 
record movement diagrams findings according to 
thei;; routine clinical practice. They were not 
permitted to discuss findings of individual patients at 
anytime. 
Patients Study patients (n = 34) with shoulder 
pathology were patients who were referred for 
physiotherapy treatment at our centre. The patients 
demonstrated a spectrum of joint pathology including 
operative and non-operative; hypermobile 
(instability) and hypomobile (frozen shoulder); bony 
(fracture) and soft tissue (rotator cuff); and anatomic 
versus non-anatomic Goint arthroplasty) pathologies 
(see Table I). Exclusion criteria included: conditions 
for which passive lateral rotation was contraindicated 
according to surgical restrictions; gross instability 
(history of recurrent dislocation without trauma); 
upper motor neuron lesions; and a history of shoulder 
surgery or injury in the previous six weeks. The 
physician's diagnosis was used to determine 
exclusion criteria and no additional testing was 
performed other than that required for study purposes. 
Patients provided informed consent, as the study was 
approved by the University of West em Ontario Ethics 
Board. All patients completed the SPADI (Shoulder 
Pain and Disability Index) prior to testing (Roach 
et aI1991). 
Test protocol The testing protocol was designed to 
minimise bias. Physiotherapists were blinded from all 
clinical information and the fmdings of the other 
physiotherapist throughout the study. A blinded study 
assistant Was used to read PROM from the 
goniometer. A separate blinded data assistant was 
used to record data from the movement diagrams. 
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Table 1. Movement diagram and criterion measures for specific assessment concepts. 
Concept measured Movement diagram measure Criterion comparator 
Passive lateral rotation 
ROM of the shoulder 
Limit of range (l) recorded on the 
movement diagram during passive lateral 
rotation of shoulder according to therapist 
normal clinical practice based on method 
described by Maitland (1991) 
Passive ROM recorded by a blinded 
examiner from goniometer placed by 
therapist during passive lateral rotation of 
the shoulder 
Pain response to passive 
lateral rotation of the shoulder 
Specific stimulus: Passive lateral rotation; 
methods described by Maitland (1991) 
Non-specific stimulus ie SPADI shoulder 
pain scale 
1) Intensity of pain - height of maximum 
pain (P 2 or P') 
1) Worst pain - single item rating pain at 
its worst from the pain subscale 
2) Range where pain onset occurs-
ie horizontal distance to P 1 
2) Average pain - score from the pain 
subscale score 
These design elements were utilised to Ill1111lll1se 
any contamination of information between 
measurements. 
Patients were arranged in separate examination rooms 
and positioned supine on mobilisation tables with 
clothing removed from above the waist and a sheet 
draped to expose both shoulders. Each 
physiotherapist was provided with data collection 
sheets containing a randomised order for examination 
of patients, a standard goniometer and a pencil. 
The physiotherapist identified themselves to the 
patient and asked which was the affected shoulder 
before proceeding with the joint assessment. During 
the assessment procedure, patient and physiotherapist 
communicated only with respect to the pain related to 
the examination. 
The physiotherapist assessed passive lateral rotation 
of both shoulders with the elbow at 90 degrees of 
flexion, using the non-affected shoulder as a 
comparator, consistent with manipulative 
physiotherapy practice. The shoulder was abducted to 
approximately 30 degrees, as many patients were 
unable to achieve 90 degrees of abduction. 
Physiotherapists recorded their findings ona blank 
movement diagram provided on their data collection 
form. They then aligned a standard goniometer with 
the distal tip of the olecranon as the axis of rotation 
from this elbow flexed position. One arm of the 
goniometer waS held on the forearm as the Shoulder 
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R2 
it .... tIl Eo.. 
Figure 1. A schematic movement diagram. The indication 
of passive range of motion taken from the movement 
diagram was limit of range defined as the horizontal 
distance to the limit of range (l). The indication of joint 
response to pain included pain onset (P1) which was 
defined as the horizontal distance to P1 and the intensity of 
pain which was defined as the height 0 the highest point of 
pain recorded on the movement diagram (either P2 or P 
depending on whether pain or resistance was the factor 
limiting range of motion). 
was passively rotated. The other arm of the 
goniometer remained in the vertical position. The 
goniometric ROM was read and recorded by the study 
assistant. The reliability of this method was found to 
be high, with intraclass correlation coefficients 
exceeding 0.80 for inter-rater reliability and 0.88 for 
intra-rater reliability (MacDermid et al 1999). The 
physiotherapists did not read the goniometer, nor 
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Table 2. Patient characteristics. 
Characteristic Sample 
mean 
Sample size 34 
Age (years) 55 
Height(cm) 171.3 
Weight (kg) 77.4 
Duration of symptoms (months) 5.6 
Lateral rotation ROM (degrees) 51.2 
Onset of pain (out of 24mm) 16.8 
Inten~ity of pain (out of 27mm) 13 
Limit of range (out of 24mm) 22.3 
Non-surgical diagnoses 
6 humeral fractures 
1 scapular fracture 
1 frozen shoulder 
1 rotator cuff tear 
1 rotator cuff tendinitis with 
multidirectional instability 
Surgical diagnoses 
9 rotator cuff repair 
6 reflex sympathetic dystrophy 
post-Calles fracture· . 
4 total shoulder arthroplasty 
4 bankart repair 
1 acromioplasty 
Inter-
quartile 
range 
38 to 72 
163 to 178 
64 to 86 
3t07. 
36 to 64 
7 to 26 
4to 22 
15 to 30 
were they permitted to see the results recorded by the 
study assistant. Upon completing a group of patients, 
the entire assessment procedure was repeated on the 
same patients with a different randomised sequence. 
Criterion comparisons Movement diagrams were 
constructed as described by Maitland (1991). 
Goniometry was performed according to a reliable 
method for passive lateral rotation of the shoulder 
(MacDermid et a1 1999). The SPADI is a shoulder-
specific disability questionnaire with a five-item, 
visual analogue pain scale and an eight-item disability 
scale. It has been demonstrated to be reliable, valid 
and responsive in the assessment of shoulder 
pathology (Beaton and Richards 1996, Healdet al 
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1997, Roach et al1991). Concepts of pain response to 
movement and passive motion capacity were 
compared with criterion comparators as listed in 
Table 1. 
Data analysis All measurements were recorded from 
the data collection sheet by a data assistant who was 
unaware of the study design or movement diagram 
interpretation. The following measurements were 
recorded from each movement diagram: 1) Pain onset 
- horizontal distance to onset of pain PI; 2) Pain 
intensity - vertical distance (ie height) to P2 (or P' 
when pain was not the limiting factor); and 3) L- limit 
of range - horizontal distance to limit. See Figure 1 
for a sample movement diagram. 
Measurements ·of pain and functional disability were 
expressed as percentages measured from the visual 
analogue scale of the SPADI. Descriptive statistics 
were calculated using the Sigmastat statistical 
software package (Version 1.0 1993). Validity was 
described by the strength of the association (Pearson 
Correlation Coefficient) between the movement 
diagram measurement and the associated criterion 
measurements. Correlations over 0.75 were 
considered high and correlations between 0.40-0.75 
were considered moderate (Fleiss 1986). The strength 
of the associations was compared with the a priori 
hypotheses described in the introduction. The 
statistical significance of correlations was determined 
by calculating 95 per cent confidence intervals. 
Table 3. Criterion validity: Correlations between 
movement diagram limit (L) and passive range of motion 
recorded by goniometry for each of two trials (n = 34). 
Tester One 
Trial 1 
Trial 2 
Tester Two 
Trial 1 
Trial 2 
Correlation(r) 
0.79 
0.78 
0.83 
0.94 
95 per cent 
confidence 
interval 
0.62 to 0.89 
0.60 to 0.88 
0.68 to 0.91 
0.88 to 0.97 
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Table 4. Criterion validity: Pearson correlations (95 per cent confidence interval) between pain onset and pain intensity 
measures from movement diagram and those reported by patients (n = 34) on the Shoulder Pain and Disability Index pain 
subscales. 
Pain onset Pain intensity 
Worst pain Average pain Worst pain Average pain 
Tester One 
Trial 1 -0.69 (-O.46 to -0.83) -0.67 (-0.43 to -0.82) 0.72 (-0.50 to 0.85) 0.68 (-0.83 to 0.44) 
Trial 2 -0.40 (-O.65 to -0.07) -0.45 (-0.68 to -0.13) 0.58 ( 0.37 to 0.77) 0.63 ( 0.37 to 0.80) 
Tester Two 
Trial 1 -0.43 (-0.67 to -0.11) -0.53 (-0.76 to -0.23) 0.71 ( 0.49 to 0.85) 0.65 ( 0.40 to 0.81) 
Trial 2 -0.48 (-O.70 to -0.17) -0.56 (-0.76 to -0.27) 0.66 ( 0.41 to 0.82) 0.69 ( 0.46 to 0.83) 
Table 5. Construct validity of movement diagram: 
Pearson correlations between scores from the Shoulder 
Pain and Disability Index (SPADI) disability subscale and 
the impairment scores from both the movement diagram 
and criterion measures (n = 34). 
Measure Correlation with 95 per cent 
SPADI disability confidence 
subscale interval 
Criterion measures 
ROM by goniometry -0.40 -0.53 to -0.24 
Pain on SPADI 0.70 0.60 to 0.78 
Movement diagram measures 
Limit of range (L) -0.50 -0.62 to -0.36 
Pain onset (P1) -0.56 -0.66 to -0.46 
Pain intensity (P'/P2) 0.56 0.42 to 0.66 
ROM = range of motion 
Results 
Patients (n = 34) with a variety of shoulder problems 
completed the test procedure without difficulty 
(Table 2), . 
The correlation between goniometry results and those 
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obtained from the PROM limit recorded on the 
movement diagram showed high concordance 
(Table 3). Correlation coefficients varied between 
0.79 and 0.94 (p < 0.001) for different testers on 
different occasions, indicating that measurements 
obtained from the movement diagram were highly 
associated with those obtained from a goniometric 
measurement taken at the same time. 
Moderate correlations were observed between the 
physiotherapists' recordings of patient pain intensity 
during passive lateral rotation of the shoulder and 
patients' reports of pain intensity on the SPADI 
(Table 4). An earlier onset of pain was moderately 
correlated with higher pain scores on the SPADI. 
Correlations between movement diagram indicators 
and their criterion comparators were statistically 
significant (p < 0.001) and followed the patterns 
predicted a priori. 
Table 5 presents the correlations between the amount 
of difficulty with functional tasks (disability) and pain 
and movement indicators (impairments). As 
anticipated, moderate association between these 
variables was observed. Pain measures were most 
highly correlated with SPADI disability scores, 
indicating that pain played . a dominant role in 
functional limitations in this patient sample. Patients 
with pain which occurred earlier in rattge (onset PI) or 
with higher intensity (SPADI Or intensity of P2) 
experienced more functional limitations. Patients 
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with more limitation m range experienced more 
functional disability. 
Discussion 
This study suggests that movement diagrams can 
provide a valid indication of shoulder joint pathology 
derived from a manual examination of passive lateral 
rotation movement, because the measures from the 
movement diagram were appropriately correlated 
with alternative criterion measures and related to the 
patient's self-reported shoulder disability. A 
comprehensive picture of the validity of movement 
diagrams will require numerous studies to resolve 
questions regarding other aspects of movement 
diagrams. Investigation of other applications and 
approaches to analysing validity are also required. 
Previous studies have not unequivocally supported 
the validity of manual examination/manipulative 
physiotherapy concepts (Fritz etal 1998, Hall et al 
1998, Maher et al 1998, Simmonds et al 1995). 
Typically, establishment of reliability is used as the 
most basic criterion for acceptance ofa measure into 
clinical practice. However, one can collect reliable 
information that is consistently wrong or biased. 
Furthermore, reduced correlations are a known 
consequence of measurement error (Heiss 1986). 
Therefore, validity cannot be assessed until a reliable 
measurement procedure has been established. We 
found that the intra- and inter-rater reliability of the 
PROM and pain measures recorded on a movement 
diagram during assessment of lateral rotation PROM 
in patients with shoulder pathology is moderate to 
high (Chesworth et al 1998). This finding supports 
our ability to determine the validity of a movement 
diagram by correlating movement diagram findings 
with alternate measures. . 
Reliability reported for other manipulative 
physiotherapy assessment techniques tends to be poor 
(Binkley etal 1995, Cattrysse .et al 1999, Inscoe etal 
1995, Lindsay et al 1995, Maher and Adams 1994, 
Maher et a11998, Matyas and Bach 1985, Strender et 
al 1997). It has been suggested that the reliability of 
pain assessment may be more acceptable than joint 
·stiffness (Maher and Adams 1994). However, a 
majority of these studies have focused on spinal joints 
and few have utilised patient popUlations or 
specifically addressed movement diagrams. 
Therefore, the generalisability of these studies to 
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pathologic shoulder joints is questionable. Problems 
in establishing the reliability of manipulative 
physiotherapy techniques may have contributed to the 
deficit in studies addressing validity. Furthermore, 
where reliability has not been established, the results 
of validity investigations must be viewed with 
caution. 
Whereas consistency or reliability of measurement is 
easily assessed by repeating the measurement, 
validity is a more elusive concept. Validity represents 
the trueness of the measure. However, the true 
measure may be difficult or impossible to determine, 
particularly for complex concepts such as stiffness 
and pain. Therefore, we infer the validity of scores in 
a variety of ways. Construct validity is concerned 
with identifying the extent to Which a test result 
agrees with the underlying concept of the test. Slater 
et al (1994) evaluated the construct validity of the 
concept that sympathetic slump affects the 
peripheral sympathetic nervous system by observing 
the effects of this manoeuvre on skin conductance and 
temperature as compared with either placebo or 
control. The validity of this test was supported by 
observation that a greater increase in skin 
conductance occurred with sympathetic slump than 
with either placebo or control and a change in 
temperature with respect to control was observed. 
Hayes et al (1994) investigated the construct validity 
of Cyriax-style passive motion end-feel assessment 
of the knee. They compared the end-feel observed for 
knee flexion and extension with those anticipated, 
based on the conceptual framework that a significant 
proportion of osteoarthritis subjects should have 
capsular restriction of both knee flexion and 
extension. Their study results questioned the validity 
of the construct, because while mOst patients had 
capsular end-feels for extension, the majority had 
tissue approximation end-feels for flexion. A more 
recent study (Fritz et al 1998) took a different 
approach to the same issue, creating a specific study 
defmition of pain-resistance sequence and capsular 
pattern. It was demonstrated that subjects with a 
clinical diagnosis of arthritis/inflammation were 3.2 
times more likely to have a positive pain-resistance 
sequence than were patients with different 
pathologies. The subsequent commentary by Hayes 
(l998) and the authors' response to the commentary 
(Fritz et al 1998) highlight the methodologic 
difficulties in establishing the validity of 
manipulative physiotherapy concepts and the need for 
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further studies. 
A number of methodologic issues may have 
contributed to the apparent contradictions between 
studies. Previous studies address a variety of methods 
and materials including normal subjects, knee or 
spinal joints and a number of manipulative 
physiotherapy concepts. Normal individuals can be 
expected to portray fewer VarIatIOns and 
abnormalities than patients. This lack of variation 
does not allow the clinician to replicate the important 
skills used during clinical practice. Furthermore, 
correlation coefficients describe a relationship 
between variables over the range in whIch those 
variables were observed. Thus sample selection is 
extremely important, because it determines the 
population to which study results can be generalised. 
For this reason, we included a wide spectrum of 
clinical pathologies in our sample. 
The intensity, nature and quality of pain, spasm-free 
resistance (stiffness) and muscle spasm can be 
recorded on the movement diagram (Maitland 1991). 
While this study provided evidence on the validity of 
certain aspects of movement diagrams, many 
important concepts have yet to be evaluated. While 
the concept of stiffuess is described similarly (limited 
mobility, increased mobility and viscoelastcity) by 
American and Australian physiotherapists, methods 
to quantify these concepts have not been defined 
(Maher et al 1998). Having found support for a 
limited number of movement diagram concepts, study 
of the remaining conc.epts is now required. 
The correlation between a goniometric measure of 
angular rotation in degrees with the movement 
diagram range expressed as a distance measured 
along a 27mm line, and compared with the unaffected 
side, was high. The high association of these two 
measures suggests that both are measuring the extent 
of movement possible during passive lateral rotation. 
It is possible that even higher correlations would have 
been obtained if we had compared the goniometric 
PROM of the affected extremity with that of the 
unaffected extremity controlling for variation in 
normal ROM. 
Pain is a key component in physiotherapy assessment. 
Its behaviour and relationship to resistance are 
important clinical findings recorded on the movement 
diagram. However, pain is a subjective and 
multifactorial experience. Its perception is based on 
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local, spinal and central mechanisms, as well as 
psychosocial and environmental factors. It is 
inhere~t~y impossible to authenticate. Despite this, 
the ablhty of the physiotherapist to evaluate the 
patient's pain response is an integral component of 
the ongoing assessment and treatment process, as the 
manipulative physiotherapist often uses these 
findings to guide the type or intensity of treatment. 
In terms of establishing validity of movement 
diagram indicators of pain, there is no gold standard 
comparison for how much pain is produced by lateral 
rotation. It would have been difficult to record patient 
ratings of pain during lateral rotation of the shoulder 
without interfering in the normal clinical procedures 
of the physiotherapists. For this reason, we chose to 
c~mpare pain recordings from the movement diagram 
WIth those recorded by the patients on the SPADI 
prior to the joint assessment. While these scales do 
not reproduce our clinical test situation, they were 
designed. to be sensitive to shoulder pathology, have 
been vahdated in previous clinical studies (Roach et 
al 1991) and allowed us to maintain physiotherapist 
blinding which was critical to the internal validity of 
our study. The underlying concept was that joint 
irritability would be reflected by an earlier onset of 
pain (P I) and a higher overall pain intensity (P' or P ). 
The correlation coefficients indicated, ~s 
hypothesised, a moderate association between these 
two variables. This supports the ability of 
manipulative physiotherapists to establish joint 
response to pain during their assessment procedures 
and thus to use this information in treatment planning 
and evaluation. Interestingly, the correlations were 
similar whether we used a composite score of the 
entire pain section of the SPADI or used the single 
question when your pain is at its worst which we 
hypothesised might be most sensitive to the severity 
of the patient's pain. This suggests that irritability of 
the shoulder is reflected in all sub-items of the SPADI 
pain scale. 
We also evaluated the construct that limitation in 
movement and pain during lateral rotation, as 
recorded on a movement diagram, should be reflected 
in the extent of overall shoulder disability. Shoulder 
disability is multidimensional. Therefore, univariate 
correlations between individual movement diagram 
indicators and disability scores were expected to be 
moderate. The correlations observed were thus 
appropriate to this construct. While the correlations 
~eflect that movement and pain have an important 
lIDpact on functional ability,a number of other issues 
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such as strength, matching of capacity to Job 
demands, other injuries etc, will contribute to 
functional ability and are not accounted for in a 
simple correlation. The correlation between the 
disability scores and the PROM measure from the 
movement diagram (distance to L) was higher than 
the goniometric PROM (-0.50 vs -0.40), supporting 
the validity of the limit of range concept. One 
potential explanation for this observation is that limit 
of range recorded on the movement diagram 
incorporated a comparison with the normal side, 
whereas the goniometric measure did not. 
The SPADI pain measures were, as expected, mOre 
directly correlated with SPADI disability measures 
than were movement diagram pain measures. As the 
SPADI pain scale had the same measurement 
properties and assessed pain in a variety of functional 
situations, whereas pain measures from the 
movement diagram indicated pain during passive 
lateral rotation, thesefmdings are intuitive. 
While the measures evaluated in this study represent 
a small part of the information contained in a 
movement diagram, support for these limited number 
of indicators supports the concepts underlying 
movement diagrams. Future studies should be 
conducted to provide a stronger scientific basis for 
movement diagrams as tools to communicate joint 
status as assessed by manipulative physiotherapists. 
Conclusions 
Knowledge of the measurement characteristics of 
movement diagrams is essential if physiotherapists 
are to select appropriate clinical tools. This study 
demonstrated that the findings recorded on a 
movement diagram during passive lateral rotation of 
the shoulder provide valid indicators of shoulder joint 
pain and movement capability,because they are 
associated with alternative methods of assessing these 
impairments. Validity was further supported by the 
association of movement diagram indicators with 
patient-reported functional disability of the shoulder. 
The present study supports the use of movement 
diagrams in assessment and ongoing evaluation of the 
shoulder. The reUability and validity of movement 
diagrams can be expected to vary based on the 
clinical test protocol, study sample, testers utilised 
and joint tested. Therefore. assumptions on the 
validity of movement diagrams should not be 
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generalised to situations which vary from that 
described in the present study. Future studies should 
focus on the reliability and validity of joint 
assessment in a variety of test protocols, to determine 
the performance of movement diagrams indifferent 
joints, movements or clinical scenarios. A strong 
scientific foundation for manipulative physiotherapy 
assessment and treatment procedures requires 
objective evidence that will quantify the manual skills 
of these specialised physiotherapists. 
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